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1. 

TECHNIQUES FOR SOFTWARE 
CONFIGURATION TRACKING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 5 

This application is a continuation of U.S. patent applica 
tion Ser. No. 09/547,550 filed on Apr. 12, 2000 now aban 
doned. 

10 
BACKGROUND 

1. Field of the Invention 
This invention generally relates to Software configuration 

tracking, and more particularly to techniques performed in a 15 
computer system for managing and tracking versions of soft 
ware tested. 

2. Description of Related Art 
Generally, software testing is part of the software develop 

ment process. Software testing may be performed, for 20 
example, to testa code modification that adds a new feature or 
corrects a reported problem. Software systems may rely on 
Software components that are external to the software system, 
Such as a Software component provided as part of an operating 
system as well as various third-party provided software com- 25 
ponents. Various versions of the same software component 
may be tested as code is incrementally modified. Addition 
ally, individual developers working on the same product may 
also modify portions of the same module. 
One problem in Software testing is tracking different ver- 30 

sions or “builds' of a software system that are tested. Obtain 
ing and tracking details of the various system builds may be 
manually tedious and error prone. Additionally, as more and 
more test runs are performed, as may be typical in product 
development, it becomes more difficult to track what version 35 
of a Software system is associated with a particular test run. 
The problem of tracking different software builds is further 

compounded by indirect dependencies between components. 
For example, the Software system under development might 
rely on a component A which in turn relies on a component B 40 
which in turn also further relies on another component C. 
Thus, in tracking dependencies and information, the Software 
system being tested is dependent upon a particular version of 
components A, B and C. The fact that the software system 
being tested has an indirect dependency upon the C compo- 45 
nent may not be obvious to developer of the software, for 
example, as it may be an indirect call to a library provided in 
an operating system. Thus, tracking software builds may be 
further complicated by these indirect dependencies. 
One technique currently in use is to manually track data 50 

describing the various builds that are tested. However, as 
previously described, one of the drawbacks of this technique 
stems from the tediousness of tracking even the slightest 
change in Software, and the possibility of a large number of 
builds as may be typical during Software product develop- 55 
ment. The data gathering may be time consuming as well as 
error prone. Also, as previously pointed out, another draw 
back is that it may be difficult to identify all of the indirect 
dependencies, for example as the previously described soft 
ware component C. Additionally, the problem may be further 60 
compounded in terms of complexity and environment in 
which shared components such as a shared library may be 
updated from one of a variety of Software package installa 
tions. For example, two layered software products may use 
the same software library. When each of the two layered 65 
products are installed, a different version of the same library 
may be installed on the same computer system. It may be 

2 
unclear to one using a routine in the library which version is 
being used. Thus, such installations using shared Software 
components make it difficult and further compound the prob 
lem of tracking the various Software components associated 
with a particular build. 

Thus, there is required a technique which provides for 
automatically tracking the various Software components of a 
particular build in accordance with a particular version of a 
Software system being tested. 

SUMMARY OF THE INVENTION 

In accordance with principles of the invention is a method 
executed in a computer system and a computer program prod 
uct for automatically tracking build information. One or more 
builds are registered by storing build information correspond 
ing to each of said one or more builds. At runtime, Software 
module information is automatically determined about a ver 
sion of software being tested. A first of the one or more builds 
corresponding to the runtime software module information is 
automatically determined. 

In accordance with another aspect of the invention is a 
method executed in a computer system and a computer pro 
gram product for determining code Volatility. At least two 
builds are registered by storing information corresponding to 
the at least two builds. A first and a second of the at least two 
builds are identified. Information is stored in a database 
regarding the first and second builds. Code volatility is deter 
mined using the information about the first and second builds. 
The code Volatility is determined using one or more metrics 
representing an amount of code change that has occurred 
between the first and the second build. 

In accordance with yet another aspect of the invention is a 
method executed in a computer system and a computer pro 
gram product for tracking build information. One or more 
builds are registered by storing information in a database. 
Software that includes one or more modules is tested. A 
matching build for the one or more modules associated with 
one of the builds previously registered is automatically deter 
mined. Testing associated with a build is determined by per 
forming a query using the information in the database. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the present invention will 
become more apparent from the following detailed descrip 
tion of exemplary embodiments thereof taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is an example of an embodiment of a computer 
system; 

FIG. 2 is an example of an embodiment of a monitor 
process gathering information from a test program; 

FIG. 3 is an example of another embodiment of a monitor 
process gathering information from a machine executable 
program; 

FIG. 4 is an example of an embodiment of a monitor 
process interacting with a database and other tools using 
information stored to the database; 

FIG. 5 is an example of an embodiment of a data represen 
tation of information stored in the database of FIG. 4; 

FIG. 6 is an example of the module object as included in the 
database schema: 

FIG. 7 is an example of an embodiment of the system 
configuration information object that may be included in the 
representation of a database schema: 
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FIG. 8A is an example of an embodiment of the project 
object that may be included in the representation of the data 
base schema: 

FIG. 8B is an example of an embodiment of the session 
object that may be included in the representation of the data 
base schema: 

FIG. 8C is an example of an embodiment of a bug report 
object that may be included in the representation of the data 
base schema: 

FIG. 8D is an example of an embodiment of the build 
object that may be included in the representation of the data 
base schema: 

FIG. 9 is a flowchart of an example of an embodiment of 
how build data is recorded and used; 

FIG. 10 is a flowchart of an example of embodiment of a 
method of how data is gathered for one or more builds: 

FIG. 11 is a flowchart of an example of steps of a method 
for registering build data; 

FIG. 12 is a flowchart of an example of steps of a method 
for recording test information for a corresponding build being 
tested; 

FIGS. 13-15 are flowcharts of steps of a method in an 
embodiment of determining a matching build from data 
recorded in a database; and 

FIG. 16 is a flowchart of steps of a method for determining 
the volatility between two builds. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Referring to FIG. 1, shown is an example of an embodi 
ment of a computer system. The computer system 10 includes 
a computer processor 20 connected to a database 22 by com 
munication means 24. In the computer system 10, the com 
puter processor 20 may be any one of a variety of commer 
cially available processors, such as an Intel-based processor. 
It should be noted that other computer processors may be used 
in an embodiment and neither the type nor number of proces 
sors should be construed as a limitation. 
The computer processor 20 is connected by a communica 

tion means 24 to a data storage device 22. The data storage 
device 22, for example may be any one of a variety of data 
storage devices known to those skilled in the art. The data 
storage device 22 may include a database and comprise a 
varying number and type of storage devices ranging from, for 
example, a plurality of disks to a single "floppy drive. 
As known to those skilled in the art, both the processor and 

the data storage device may vary in accordance with each 
embodiment and implementation interms of number and type 
of each. Similarly, the communication means 24 used to 
facilitate communications between the processor 20 and the 
data storage device 22 may be any one of a variety of com 
munication devices, such as a network connection in accor 
dance with each implementation and embodiment. 
What will now be described in conjunction with FIG. 2 and 

FIG.3 are embodiments that may be used to gather a portion 
of platform data. Platform data generally includes system 
configuration information and Software data that describe's a 
software runtime environment. The software data includes 
Software component information distinguishing one version 
of a software component from another. The system configu 
ration data may include, for example, different Software set 
tings or options and hardware data particular to a system 
environment. The hardware data may include, for example, 
hardware configuration data distinguishing the system upon 
which a program is executed. Taken together, the system 
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4 
configuration data and software data describe a “platform as 
may describe the environment in which a program is 
executed. 

Referring now to FIG. 2, shown is an example of an 
embodiment of software that may execute in the computer 
system 10. FIG. 2 includes a monitor process 30 and a pro 
gram being monitored 44. Both the monitor process 30 and 
the machine executable program being monitored (test.exe 
44) may be executed by the computer processor 20 and stored 
on the data storage device 22. The machine executable code 
associated with the monitor process 30 and the program being 
tested 44, for example, may be stored on the data storage 
device 22 in the computer system 10 and loaded for execution 
via communication means 24 to the computer processor 20. 
The monitor process 30 may be a machine executable 

program written in any one of a variety of commercially 
available programming languages, such as C++. An example 
ofa monitor process is included in the commercially available 
implementation of NuMega BoundsChecker. Generally, the 
monitor process 30 gathers information and data in accor 
dance with the execution of the program under test 44 which 
in this example may be referred to as test.exe. The machine 
executable program 44 being monitored in this particular 
example may be written in one of a variety of conventional, 
commercially available languages, such as C, and C++, for 
which instrumentation may be provided. One technique of 
how instrumentation of a program may be performed is 
described in U.S. patent application Ser. No. 08/916,125, 
entitled “IR Code Instrumentation', now issued as U.S. Pat. 
No. 5,987,249. 
The illustration in FIG. 2 of the program being monitored, 

test.exe 44, includes several portions. The portion 34 corre 
sponds to a segment of user Supplied source code. Also 
included in the program 44 are several dynamic link libraries 
(DLLs). Each of the DLLs, for example such as DLL136 and 
monitor proxy DLL 42, correspond to shared machine 
executable code which resides in the computer system 10 as a 
library of routines which may be used, for example, by the 
user supplied portion34. Additionally, a DLL, such as DLLN 
40, may be included due to an indirect call from within 
another DLL, such as DLL136. This may occur, for example, 
if a call is made by DLL136 to an operating system or other 
routine which is included in another DLL. As previously 
described, a call may also be made to a DLL directly from the 
user portion 34. 

It should be noted that the monitor proxy DLL 42 may be 
included automatically at link time into the machine execut 
able 44 in this particular embodiment as a result of code 
instrumentation. Alternatively, other embodiments may 
employ other techniques to cause DLL42 to be loaded into 
process execution space, for example, as described in "Pro 
gramming Applications for Microsoft Windows', 4th Edi 
tion, by J. Richter, Microsoft Press, September 1999. In this 
particular embodiment, the monitor proxy DLL 42 is 
included in the commercially available product NuMegaTru 
eTime in conjunction with the monitor process 30, for 
example, using the techniques set forth in U.S. patent appli 
cation Ser. No. 08/916,125, entitled “IR Code Instrumenta 
tion”. Generally, the monitor proxy DLL 42 includes moni 
toring routines which report information back to the monitor 
process 30. In this particular embodiment, the monitor proxy 
DLL 42 includes code that monitors events related to the 
loading of various types of libraries. For example, the librar 
ies monitored by routines in the monitor proxy DLL 42 
include shared libraries or DLLs as well as OCX or ActiveX 
Control libraries. Generally, as known to those skilled in the 
art, DLLs and OCXs include shareable machine executable 
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code that may be used for example by program 44. The proxy 
monitor DLL 42 includes routines that send load event infor 
mation to the monitor program 30 using connection 32. 

In this embodiment, the monitor proxy DLL 42 may 
receive DLL load information by scanning the process virtual 5 
address space, or, by monitoring calls to operating system 
routines that load the DLLs, such as the LoadLibrary routine 
from Microsoft Windows. Information may be transferred to 
the monitor 30 using shared memory as the communication 
channel 32. It should be noted that other embodiments may 10 
employ other techniques in accordance with each implemen 
tation. 

The library load information communicated from the 
monitor proxy DLL 42 to the monitor process 30 may be 
achieved, for example, in a Windows programming environ- 15 
ment, such as using Windows 95 or Windows NT. In this 
environment, programming applications may be invoked 
from a menu option. For example, using a “start” option 
selected from a menu display, the machine executable pro 
gram 44 may be selected to begin execution. Once the pro- 20 
gram 44 to be tested or monitored is executed, the monitor 
process 30 is invoked indirectly from code included in the 
monitor proxy DLL. The monitor process 30 is invoked indi 
rectly because previously the machine executable program 44 
was linked for instrumentation and monitoring. 25 

The monitor proxy DLL 42 monitors operating system 
events for loading machine executable code or libraries Such 
as DLL1 36 and DLLN 4.0. The monitor proxy DLL 42 
includes code to accomplish this, for example, by monitoring 
user API calls made within the user supplied portion 34. For 30 
example, the monitor proxy DLL may monitor specific user 
APIs such as CoCreateInstance and Load Library which are 
APIs used in the Windows environment for loading DLLs. It 
should be noted that other embodiments may include moni 
toring of other particular APIs from within user code 34. 35 
Additionally, other techniques may be used to gather infor 
mation regarding Software components used with a program 
being tested 44. 

It should be noted that the foregoing description regarding 
FIG. 2 refers to one technique by which data regarding soft- 40 
ware components used by a particular program being tested 
may be communicated to a monitor process for gathering of 
software component information whose use will be described 
in the following paragraphs. 

Referring to FIG. 3, shown is an example of another 45 
embodiment by which information may be gathered regard 
ing particular operating system events as needed for loading 
different software components or libraries. In FIG. 3, shown 
is the monitor process 30 a machine executable program to be 
tested 50 and debug event reporting code 58. The debug event 50 
reporting code 58 may be a portion of operating system code 
that is invoked when a particular system event occurs. In this 
particular embodiment, the program being tested 50 does not 
include a monitor proxy DLL 42 as previously shown in the 
embodiment of FIG. 2. Additionally, it should be noted that 55 
the program 50 may also be written in any one of a variety of 
commercially available programming languages, such as C or 
C++. 

In this particular embodiment, the debug event reporting 
code 58 forwards information regarding operating system 60 
events for loading different libraries such as DLL 136 to a 
portion of code referred to as debug event processing code 52 
included in the monitor process 30. 
The alternate embodiment as depicted in FIG.3 may occur, 

for example, by invoking the monitor process directly from 65 
the “start program menu as in a Windows-95 or other similar 
programming environment. Subsequently, from within the 

6 
monitor process 30, a command or graphical user interface 
may be displayed and the user may enter commands to invoke 
the machine executable program to be tested 50. 
When program 50 is executed, the debug event reporting 

code 58 monitors or "catches' certain operating system 
events, such as the loading of libraries such as DLL136. In 
this embodiment, the operating system includes code for 
loading the library, Such as DLL1. The operating system also 
includes the code associated with the debug event reporting 
code 58. Thus, in this embodiment, the operating system 
transfers control from the load library routine to the debug 
event reporting code 58, for example, upon loading a DLL. 
Subsequently, when a DLL load event occurs, the debug event 
reporting code 58 is executed and reports the occurrences of 
the load event to the debug event processing code 52 of the 
monitor process 30. In one particular embodiment, the debug 
event processing code 52 includes a code loop which continu 
ously monitors events from the WIN32 API as reported by the 
debug event reporting code 58. 

In one embodiment, the communication channel between 
the debug event reporting code 58 and the debug event pro 
cessing code 52 may be established by having monitor pro 
cess 30 identified or associated with the program 50 as a 
debugger process, such as by using operating system rou 
tines. Other embodiments may employ other techniques in 
accordance with each implementation. 

It should be noted that the embodiments previously 
described with regard to FIGS. 2 and 3 are two of a variety of 
different techniques that may be used to gather various Soft 
ware component information. In this particular embodiment 
the Software components for which information is being gath 
ered are libraries, such as DLLs or OCXs as known in the 
Windows environments. Other types of programming envi 
ronments may include different types of Software compo 
nents other than a library such as a DLL or OCX. 
The types of Software components that may be used in 

connection with testing a Software program may vary with 
programming environment. However, generally a Software 
component is a unit of Software that may be used with a 
machine executable program, such as 50 of FIG.3 and 44 of 
FIG. 2. In other words, each of the software components are 
units that may be varied within a machine executable program 
to be tested. Using these monitoring techniques, data regard 
ing the different Software components is gathered. 

In the previously described embodiment of FIG. 2, the 
monitor proxy DLL 42 is included as a portion of the program 
being tested 44 to monitor for specific calls and communicate 
information to the monitor process 30 when a particular soft 
ware component is loaded. This DLL 42 is automatically 
included in the linked program 44 as a result of instrumenta 
tion of the program. In this embodiment, for example, DLL 
42 may be included in a commercially available product Such 
as NuMega TrueTime. The technique of FIG.2 may be used 
with a program that uses code instrumentation. For example, 
the program 44 may be an instrumented machine executable 
program produced using C source code. 

In contrast, the embodiment in FIG. 3 uses debug event 
reporting code 58, Such as operating system code invoked for 
debug event processing, that forwards data to the monitor 
process when a particular software component is loaded. No 
instrumentation is used and no monitor proxy DLL 42 is 
included in the resulting program being tested 50. 

Using either technique in FIG. 2 or FIG. 3, information 
regarding the Software component used is communicated to 
the monitor process 30. Generally, the information which is 
recorded for the particular library or software component is 
distinguishing information enabling one to identify a particu 
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lar version of the software component or library. This infor 
mation may include, for example a version number, a link 
date and time, a file size, as well as other information which 
may be used to distinguish one version of the Software com 
ponent from another. 
What has been described generally is the gathering of 

information with regard to Software components executed at 
runtime. In the previously described embodiments, the soft 
ware components included libraries such as DLLs or OCXs. 
The information which is gathered with regard to each of the 
libraries is distinguishing oridentifying information to enable 
one particular version of a software component to be distin 
guished from another version of the Software component. 
What will now be described is how this information may be 

stored and used within the system 10, as well as a particular 
embodiment of the information in accordance with a database 
schema. 

Referring to FIG. 4, shown is a data flow diagram of one 
embodiment of the data flow relationship between the moni 
torprocess and various tools using software component infor 
mation. The monitor process 30, the build registration tool 61, 
and the e-mail reader tool 62 in this particular embodiment 
store the information gathered regarding the libraries on the 
storage device 22. This information may be used by various 
tools such as a viewer/query tool 60. 

It should be noted that other embodiments may include 
other tools using the information in device 22. Additionally, 
other information besides the software component and other 
platform data may reside on the storage device 22. 

Generally, platform data includes the Software component 
information gathered by the monitor process. The platform 
data is stored in the data storage device 22 in any one of a 
variety of data organizations and formats that may be under 
stood and accessed by the various tools, such as the viewer/ 
query tool 60 and the e-mail tool 62. In one embodiment, the 
viewer/query tool 60 accesses platform information and, via 
a user interface, displays the information in a user-readable 
form. 
The e-mail reader tool 62 may be connected to an outside 

network and is forwarded formatted e-mail messages, for 
example, from a customer site reporting a problem. The for 
matted e-mail message may describe the platform upon 
which the problem occurs. The e-mail reader may interpret 
this formatted e-mail message and enter associated platform 
data in the database for the bug report. 

It should be noted that the formatted e-mail message may 
be in any one of a variety offixed formats. For example, in one 
embodiment, the e-mail message includes one or more pairs 
of data. Each pair includes a field-name and one or more 
corresponding data fields. The field-name is recognized as a 
keyword by the e-mail reader tool and the keyword and cor 
responding data map to fields and corresponding data values 
as may be used in a database organization. For example, a 
field-name, may refer to a particular type of database object 
having one or more associated fields. The corresponding data 
may identify a particular field of the object and a value for an 
instance of that field. Other embodiments may have other 
types of formatted input that the tool understands and subse 
quently maps to a corresponding database item. 

In one embodiment, the e-mail reader tool 62 enters build 
data associated with a bug report. Build data may generally 
refer to that software information describing a particular ver 
sion of a Software product. Such as identifying information of 
the various libraries or DLLs. In this instance, the build data 
reported in the formatted e-mail message describes the Soft 
ware version(s) associated with the bug being reported. Upon 
receipt of a bug report, the e-mail reader tool 62 may deter 
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8 
mine which build in the database 22 corresponds to the ver 
sion of the software product described in the bug report. One 
technique for determining or identifying a matching build, as 
may be included in the e-mail reader tool, is described in more 
detail in paragraphs that follow. 

Tools, such as the viewer query tool 60, the build registra 
tion tool 61, and mail reader tool 62 may be bundled with the 
commercially available monitor process 30. Alternatively, 
each of the software tools may also be additional third party 
products that interact with data in a particular format for 
example as will be described in a particular database format. 
It should also be noted that other tools and other functions in 
accordance to the particular embodiment may exist and inter 
act with the data storage device 22 making use of Software 
component information as gathered by the monitor process 
3O. 

In one embodiment, the platform data on the data storage 
device 22 is stored inaparticular database format known as an 
object-oriented database. Such as that used with the commer 
cially available object-oriented database “Poet', by Poet 
Software. In this particular implementation, the data which is 
gathered by the monitor process 30 is stored in an object 
database in which the data is represented in the form of 
objects that are connected or associated with one another. The 
data is stored on the storage device 22 and the various tools 
such as the viewer/query tool 60 and the e-mail reader tool 62 
interact with this commercially available database, for 
example, using a query language and interface provided with 
the commercially available database product. For example, 
APIs as provided by the commercially available object data 
base Software may be used to formulate a query and obtain 
data resulting from a query. 

Referring to FIG. 5, shown is an example of a representa 
tion of a database schema 71 describing a database organiza 
tion. In accordance with the representation 71, the various 
types of Software component information as gathered by the 
monitor process 30 may be stored on the device 22. Addition 
ally, build data, Such as that which may be gathered using the 
build registration tool 61, may also be included in the data 
base schema 71 and an example is included herein. It should 
be noted that although what will be described is stored in a 
particular type of database and a particular representation of 
the data, other embodiments may use other types of databases 
and other representations for storing the platform data gath 
ered by the monitor process 30, and the build data gathered by 
the build registration tool. Included in the representation of 
the database schema is a project object 408, a session objects 
404, build objects 402 and 406, module objects 410,412,414. 
416, and 418, and system configuration object 80. Relation 
ships stored in the database between these various objects are 
represented by the arrows, for example, such as 404a, 404b 
and 404c. It should be noted that in this embodiment, each of 
the pointers are double pointers providing for an additional 
back-link between the objects identified in the database 
schema. 

In this particular instance shown in FIG. 5, a project object 
408 points to a particular session object 404 and build objects 
402 and 406. Generally, the project object represents infor 
mation about a particular Software project, for example, a 
particular software product under development. The session 
object 404 generally describes a particular test run or execu 
tion, and corresponding software being executed. The various 
fields represented within the session object 404 identify dif 
ferent hardware and Software data and settings particular to 
the session instance being tested or identified by the object 
404. Generally, a platform is referred to as various combina 
tions of hardware and software data and settings. In this 
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particular description, platform data includes Software com 
ponent information Such as may be communicated by the 
monitor process 30, build registration information Such as 
may be communicated by the build registration tool 61, as 
well as system configuration information80. All of this infor 
mation Such as the software component information, build 
information, and the system configuration information is 
described in more paragraphs that follow. The build object, 
such as 402 and 406, identify a particular build of a software 
product. For example, when a development project performs 
a build of a product, various software libraries may be 
included. A particular build may include 3 libraries that have 
no modifications and are thus not recompiled or relinked. 
This build may also include a fourth library that includes 
functions with source code modifications with respect to the 
last time a version of this library was produced. Thus, this 
build requires a new version of the fourth library that is 
recompiled and relinked. The build object identifies four 
module objects corresponding to the foregoing four libraries 
and each of their associated information. 

It should be noted that other embodiments may include 
variations of the foregoing example of the database schema 
71. Software tested in a test session may include modules not 
associated with a build. Thus, in the database schema repre 
sentation, a corresponding session object may be associated 
with modules objects not included or associated with a build 
object. In this example, modules not associated with a build 
but included in a test session may be, for example, system 
libraries, such as the COMCTL32.DLL. Modules associated 
with a build may also include libraries such as those condi 
tionally loaded in response to certain events or activities being 
tested in a session. For example, a library or DLL for looking 
up words in a thesaurus may be loaded only in response to a 
menu selection. If a testing session only tested spell checking, 
this DLL would not be loaded and, thus, the module object for 
this DLL would not be included in the schema representation 
associated with a session object. 

Generally, the objects and the relationships between the 
objects as stored in accordance with the model 71 are dictated 
by the various types of operations and queries to be performed 
upon the data stored in the device 22 as gathered by the 
monitor process 30, and other tools. Such as build registration 
tool 61, and e-mail reader tool. In this particular embodiment, 
each of the module objects such as 410, 412, and 414 identify 
Software component specific information. For example, in the 
database representation 71, a module corresponds to a par 
ticular library, such as a DLL. Recorded within each of the 
module objects such as 410 is software component informa 
tion which uniquely identifies a particular version of a DLL 
for example. Similarly, the system configuration object 80 
identifies various hardware configuration items and Software 
environment conditions that may be referred to as system 
configuration items that were tested with regard to aparticular 
session or test execution 404. 
From the representation in FIG. 5, different software and 

hardware information may be obtained. For example, it may 
be determined what builds are associated with a particular 
project. The modules, as well as other build data, Such as 
amount and type of testing performed, included in a particular 
build may be obtained. Information regarding what build is 
tested in a particular session may be obtained. Additionally, 
the database may be queried with regard to differences 
between two particular builds, such as regarding the amount 
of code change. The foregoing are a few examples of how this 
information stored in the database and will be explained in 
more detail in following paragraphs. Generally, in this 
embodiment, there are double pointers between each pair of 
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objects for which there is a pointer indicated on the schema 
71, Such as between project and session objects, system con 
figuration and session objects, modules and session objects, 
and build and module objects, and the like. However, for 
clarity in the Figure, only a single pointer for each is shown. 

It should be noted that although FIG. 5 shows only a single 
session, in the database stored on the device 22 a plurality of 
sessions may be stored in which multiple sessions may point 
to the same instance of a module object. In turn, that single 
module object may have multiple arrows such from the mod 
ule to the various sessions which utilize that particular soft 
ware component. It should be noted that the same relation 
ships may exist between one or more session objects and a 
system configuration object included in the representation 71. 

Generally, although the representation 71 of FIG. 5 
includes only a particular number of various types of objects, 
it should be noted that this is a “snapshot' of one state of the 
database. Other embodiments may have a varying number of 
objects and associations, for example, in accordance with the 
number of modules, and the like represented in the database. 

Referring to FIG. 6, shown is an example of an embodi 
ment of the module object 74. It should be noted that although 
what is shown are the details of only a single module object 
74, these field that will be described may also be included in 
other modules objects, such as 410, 42, and the like, included 
in the representation 71. In this particular embodiment, the 
module object includes information which identifies 
uniquely a particular version of a shared library. Included in 
module object 74 is a module name 74a, a link date 74b, a file 
version 74c., a file size 74d. a product version 74e, and addi 
tional fields denoted by 74f. In this particular instance, a 
module name 74a may be an alpha-numeric or other repre 
sentation identifying the software component. Additionally, 
the link date 74b may includes a date format record indicat 
ing, for example, the month, day, year, and time in terms of 
hours, minutes and seconds, of a particular linking of the 
module. In file version field 74c., a string, for example, may be 
stored as “4.3', identifying a particular release of a module. 
The file size is indicated in field 74d. This may be, for 
example, a numeric quantity representing the size of the mod 
ule in bytes. The product version field 74e may also be a string 
that similarly identifies a version of an associated product, for 
example, that includes or uses the module identified by the 
object. Additional information may be stored also in this 
module record as indicated by 74f for example, such as 
pointer to one or more session objects that include this mod 
ule. This additional information may include data related to 
one or more functions included in the module being repre 
sented. This routine information may include function signa 
ture and checksum information used in determining differ 
ences at the function level. 

In one embodiment, the additional information included in 
74f is function data. The function data may be represented in 
a two-column table format or data pair in which the first item 
is a function name and the second column or item of the pair 
is a checksum of the machine code associated with the named 
function. As known to those skilled in the art, the checksum 
may serve as a function identity of this particular version of 
the function. The checksum may be represented as a numeric 
quantity determined in accordance with the machine code of 
the function. As will be described in paragraphs that follow, 
this checksum may be used to determine when a function has 
changed. 

Referring now to FIG. 7, shown is an example of an 
embodiment of the system configuration object 80, such as 
may be included in the description 71 of FIG. 5. In this 
particular embodiment, the system configuration object 



US 7,437,717 B1 
11 

includes fields which identify and describe a particular sys 
tem environment, for example, including hardware configu 
ration information as well as various Software environment 
settings defining a particular platform. The representation 80 
includes fields system name 80a, number of processors 80b, 
type of processors 80c, base operating system 80d, amount of 
physical memory 80e, and other system configuration infor 
mation fields indicated by 80?. For example, a system name is 
indicated field 80a which may indicate a particular alpha 
numeric name identifying a processor or node within a net 
work upon which various test execution runs may occur. Also 
indicated in the number of processors field 80b may be a 
numeric quantity representing the number of processors that 
are in the system corresponding to system name and field 80a. 
Field 80c may indicate the type of each processor that occurs 
in the system name identified by 80a. Field 80d may be a base 
operating system indicator of a particular type and/or version 
number of an operating system. Field 80e may be a numeric 
quantity representing the amount of physical memory avail 
able in system 80a. It should also be noted that additional 
information may be included in accordance with each par 
ticular embodiment as indicated by 80fof FIG. 7. This infor 
mation may include, for example, display resolution, indica 
tor as to the number of colors (i.e., 256, 65536, 24-bit color, 
and the like), number of monitors, country information, lan 
guage information, indicators as to whether various hardware 
and system Support is available or set regarding, for example, 
double byte character set or whether Middle Eastern support 
(i.e., support for Hebrew and Arabic) is enabled, number of 
mouse buttons. Additionally, there may be pointer informa 
tion, such as an indicator as to the associated one or more 
Sessions. 

Referring to FIG. 8A, shown is an example of an embodi 
ment of a project object 70, such as may be the representation 
of the project object 408 included in FIG.5. This embodiment 
of the project object 70 includes a name field 70a, a descrip 
tion field 70b, other fields indicated by 70c, and a pointer to a 
build object 70d. The name field 70a may be a string or other 
identifier associated with a project name. The description 
field 70b may be an alphanumeric description of the project. 
The other fields indicated by 70c may include, for example, 
pointer information to other objects such as a pointer to the 
session object 404 as indicated by 408a of FIG. 5. The field 
70d is a pointer or a list of pointers to one or more build 
objects associated with this particular project, Such as indi 
cated by arrows 408a and 408b of FIG. 5. This field 70d may 
be filled in, for example, when a build is created and regis 
tered using the build registration tool. 

Referring to FIG. 8B, shown is an example of an embodi 
ment of a session object. The session object 72 in this example 
includes a user field 72a, a date/time field 72b, a comment 
field 72c, a pointer to the system configuration 72d, a pointer 
to the project 72e, an identifier as to the product submitting 
the session 72f a list of components included in this session 
72g, a pointer or list of pointers to one or more builds 72i, and 
other information as indicated by field 72h. The user field 72a 
identifies a particular user-identifier, Such as a login identifier 
of a user. This may be represented, for example, as an alpha 
numeric string. The date/time field 72b is a date/time stamp 
information as to when the session occurred. This may be 
stored, for example, as an alpha-numeric String. The com 
ments 72c may be a text field describing the particular ses 
Sion, for example, “test run for bug correction number nnn'. 
Field 72d is a pointer to the associated system configuration 
object, such as indicated by arrow 404a of FIG. 5. Field 72e 
is a pointer to the project object. Field 72f is an indicator as to 
the product Submitting the session. In this embodiment, this 
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field indicates which monitor product in the commercially 
available product suite, such as NuMega DevPartner Studio, 
the identified user 72a was running. Field 72g is a list of 
modules associated with this session. For example, this list of 
associated modules may be represented as arrows 404a, 404b, 
404C and 404d of FIG. S. Field 72i identifies one or more 
builds associated with this particular testing session. Field 
72h may include other information related to the session 
being represented in a particular embodiment. It should be 
noted that in field 72i, the build information may be filled in, 
for example, when software is tested. When a test system 
execution is performed, at runtime, information regarding the 
Software modules being tested may be obtained automati 
cally, for example, using techniques previously described. 
Once a set of modules has been determined, for example, as 
gathered using the techniques associated with FIGS. 2 and 3. 
the monitor process may also include machine executable 
code for determining a matching build that was previously 
registered. Prior to running a test system, one or more builds 
may be entered and registered using, for example, the build 
registration tool. This information may be included in the 
database. When the test system is executed, runtime informa 
tion about Software modules being tested may be gathered, 
for example, using the monitor process 30. The monitor pro 
cess may also include code for interrogating or querying the 
database 22 to determine a matching build corresponding to 
the Software module information gathered using the runtime 
techniques previously described herein. One such technique 
for determining a matching build is described in more detail 
in paragraphs that follow. 

Referring to FIG. 8C, shown is an example of an embodi 
ment of a bug report object that may be included in the 
previously described representation of the database schema 
71. The bug report object 300 in this embodiment includes a 
pointer to a system configuration object 300a, a list of mod 
ules 300b, a pointer to a project object 300c, a pointer to a 
session file 300d, bug report identifying information 300e, a 
pointer to a build object describing a build in which this bug 
may be found 300g, a pointer to another build object describ 
ing another build in which this bug is identified as being 
corrected 300h, and other bug report data 300f. This object 
may be created, for example, in conjunction with a bug report 
submitted to the e-mail reader tool 62, and included in the 
database. It should be noted that the fields 300a-300c refer to 
objects previously described. Data associated with this object 
may be retrieved and used, for example, as will be described 
in paragraphs that follow, when querying the database regard 
ing a version of a software module associated with a bug 
report. The pointer to a session file 300d identifies a corre 
sponding data file related to the bug report, for example, a data 
file related to test coverage data as may be generated by a 
testing tool such as NuMega TrueTime or NuMegaTrueCov 
erage. The bug report identifying information 300e may be 
one or more fields of data identifying the reported bug. For 
example, this information 300e may include data such as a 
priority, who entered the bug report, the date of bug report 
Submission, a description of the problem, product informa 
tion associated with the reported bug, and the like. It should be 
noted that, as with other data representations described 
herein, the fields included may vary in accordance with each 
implementation. 
The information included in field 300g, identifying a build 

in which this bug may be found, may be determined, for 
example, when the e-mail reader tool 62 receives a bug report 
and associated information identifying a build. Machine 
executable code, as may be associated with the e-mail reader 
tool 62, may be executed to determine a matching build 
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included in the database in accordance with the build identi 
fied in the bug report. Similarly, when a build includes mod 
ules, such as source code changes recompiled and relinked, to 
correct this bug report, machine executable code. Such as may 
be included in a viewer/query tool, may be used to enter the 5 
information included in field 300h pointing to a build object. 

Referring now to FIG. 8D, shown is an example of an 
embodiment of the build module object. The build module 
object 402 included in FIG. 8D may be an embodiment, for 
example, of the build objects 402 and 406 as previously 10 
described in conjunction with the database schema 71 of FIG. 
5. In this particular embodiment, the build object 402 includes 
a name field 402a, a build number field 402b, a date and time 
field 402c, a module list 402d and additional information field 
402e. The name field 402a may include an alphanumeric or 15 
other name identifying the build being described. The build 
number 402b may be a numeric quantity, for example, repre 
sented as a numeric field with a decimal point, such as “4.2” 
indicating a primary and a secondary version number of a 
particular build to enable identification of a build. The date 20 
and time 402c may be a date and time stamp format that 
identifies the time at which an associated build is created. The 
module list 402d includes pointers or references to one or 
more module objects, such as module objects 410, 412 and 
the like included in the database schema 71 of the previously 25 
described FIG. 5. The additional information field 402e may 
include other information as needed in accordance with each 
implementation and embodiment. 
A build object, such as the embodiment 402 described in 

conjunction with FIG. 8D, may be created as part of a build 30 
registration process, for example, as may be performed by the 
build registration tool 61 of FIG. 4. During the build registra 
tion process, the build object and associated module objects 
may be created and stored in the database 22. As known to 
those skilled in the art of software development, a build may 35 
be performed every night or at other reasonable increments 
during the Software development process. A new build may be 
registered, for example, when a “nightly build, is performed. 
At this time, a build object and associated objects, such as 
module objects, may be created and included in the database 40 
22. 

Referring to FIG.9, shown is a flow chart of an example of 
an embodiment of the steps of how software and hardware 
component and environment information may be stored and 
used within the system 10. At step 92, data is recorded. This 45 
data may include, for example, build registration information 
as well as testing session or execution run time information. 
This will be described in more detail in paragraphs that follow 
in conjunction with other figures. At step 94, the database, 
Such as the database 22, may be interrogated with regard to 50 
the data that was recorded in the previous step 92. 

Referring to FIG. 10, shown are more detailed steps of one 
embodiment for recording data. At step 99, the code to be 
tested may be instrumented to provide code coverage infor 
mation, for example, as using NuMega TrueCoverage. For 55 
example, as a result of performing step 99, a function signa 
ture table may be produced in which the table includes data 
describing various aspects of the function Such as number and 
type of parameters. This data may be represented as a check 
sum value associated with each function. It should be noted 60 
that this step is optional and other embodiments may include 
other processing steps in accordance with the type of data 
being included and represented in the database schema. 

At step 101, build information may be registered in the 
database 22, for example, using the build registration tool 61 65 
previously described. Also as previously described, created 
within the database in accordance with the previously 
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described database schema 71, are various build objects and 
module objects associated with the build being registered. For 
example, the information included in a module object may be 
the function signature table produced, for example, in step 99. 
Subsequently, at step 102, run time test data is collected in 
accordance with a particular build. This run time test data may 
be gathered using the techniques previously described in con 
junction with the monitor process 30 as shown in FIGS. 2 and 
3 and recorded as Software module information using these 
automated techniques previously described herein. Subse 
quently, the monitor process may also include machine 
executable code which attempts to match the information 
collected automatically at run time to a particular build, for 
example, as may be previously entered with a build registra 
tion tool and stored in the database. Both the run time test data 
as well as the build matching information for a particular test 
system execution determined in conjunction with step 102 
may be stored and collected in the database. It should be noted 
that more detailed steps associated with steps 101 and 102 of 
flowchart 92 are described in more detail in paragraphs that 
follow. 

Referring now to FIG. 11, shown is a flowchart including 
steps from one embodiment for registering build information. 
As part of the build registration process, module information 
is gathered as in step 101a. This may include, for example, 
information associated with the module objects. At step 101b. 
additional build data may be obtained. This may be used, for 
example, in determining the data content of other fields asso 
ciated with the build object previously described. At step 
101C, the data gathered from the previous steps may be stored 
in the database in the appropriate objects created. 

Referring to FIG. 12, shown are more detailed steps of one 
embodiment for collecting run time test data that may be 
associated with a build. At step 96, software module informa 
tion is gathered. In this particular embodiment, Software 
module information may be stored in accordance with the 
previously described database representation 71 using the 
module object such as 74. Additionally, as part of this process, 
information about the software modules is gathered for sub 
sequent use in the determination of a corresponding build. In 
this particular embodiment, each of the software modules 
represented by a module object corresponds to a library Such 
as a DLL or an OCX that includes shared code. The type of 
information gathered for a module object uniquely identifies 
a particular version of each of these libraries. It should also be 
noted that gathering software information may be obtained 
using the foregoing data gathering techniques in conjunction 
with the previously described monitor process. Additionally, 
Software information may also be gathered using alternative 
techniques, such as operating system calls that return Soft 
ware information. 
At step 98, System configuration information is gathered. It 

should be noted that in this particular embodiment, system 
configuration information includes data as represented and 
stored in the system configuration object in accordance with 
data representation of data schema 71. The system configu 
ration information generally includes data that uniquely iden 
tifies a particular system configuration. For example, the sys 
tem configuration information gathered in step 98 may 
include a portion of the information corresponding to Win 
dows registry settings. 
The system configuration information may be gathered 

using a variety of different techniques in accordance with 
each particular embodiment. In one embodiment, system 
configuration information, Such as operating system version 
and number as well as the type of processors, may be obtained 
by performing operating system calls. Specific routine calls 
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or APIs, as well as their availability, may vary in accordance 
with each of the systems as well as the techniques provided to 
obtain system configuration information. 

At step 100, a current build is determined in accordance 
with the software module information gathered at step 96. A 
corresponding previously registered build is automatically 
determined at step 100 that matches the current build. In other 
words, a matching build may be automatically selected from 
the information stored in the database 22 in which the soft 
ware module information gathered at step 96 corresponds to 
other software module information associated with a previ 
ously registered build. One technique for determining a 
matching build will be described in paragraphs that follow. 

At step 100a, corresponding build data as well as test 
execution data is updated in the database. For example, in the 
previously described session object, a field included in the 
session object may be updated as identifying one or more 
builds being tested in this execution. 

In one embodiment, as a result of step 100, returned from 
the database is a pointer to aparticular build object. As a result 
of step 100a, a session object such as object 72 described in 
conjunction with FIG. 8b, may have its field 72i point to the 
build identified in step 100. 

Referring back to FIG.9, the database may be interrogated 
with regard to data that is recorded. For example, it may be 
determined what build stored in the database matches a par 
ticular set of Software modules in accordance with a user 
selected build. Additionally, information stored in the data 
base for multiple selected builds may be used to perform 
several evaluations or determinations. For example, as previ 
ously described, Volatility regarding code changes may be 
determined between builds. A user may be prompted to select 
one or more builds, for example, from a list of previously 
registered builds. If two builds are selected from a particular 
list, a database query may be performed to locate these two 
builds as identified within the database 22. 

Various calculations may be performed using the informa 
tion stored in the database with regard to the software mod 
ules, for example, to determine code volatility between 
builds. Additionally, other information may be used from 
more than one build to determine other statistics. For 
example, a Summary of all of the builds associated with a 
particular project may be desired. The database may also be 
queried for identifying a certain number of builds in accor 
dance with a particular date range. Such as all of the builds 
between a particular code freeze date and the current date. As 
known to those skilled in the art, these and other uses of the 
information stored in the database 22 may be used to perform 
an evaluation of various aspects of this software and/or hard 
ware and associated information recorded in the database. 

Referring to FIGS. 13 through 15, shown are flowcharts of 
steps of an embodiment of a method for determining a match 
ing build in accordance with predetermined criteria. Refer 
ring to FIG. 13, flowchart 100 at step 352 defines match build 
set as the set of modules being located or determined in 
accordance with information stored in the database. At step 
354, a candidate list of all the builds that include any one or 
more of the modules identified in match build set is deter 
mined. The candidate list of step 354 may be determined, for 
example, by performing a union of all of the builds that 
include any one of the modules identified in the match build 
set defined at step 352. At step 356, current build is assigned 
the first build from the candidate list. At step 358, a determi 
nation is made as to whether all of the builds in the candidate 
list have been processed. If a determination is made at step 
358 that all of the candidates have been processed, control 
proceeds to processing point C of FIG. 15. If a determination 
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is made that there are additional candidates included in the 
build candidate list, control proceeds to step 362 where vari 
ables are initialized for processing the current build candi 
date. At step 362, the variable Nummatches is assigned a 
value of zero, fullMatch is set to TRUE, and buildDone is set 
to FALSE. It should be noted that these variables are used in 
Subsequent processing steps and other embodiments may 
include other variables as well as use other techniques known 
to those skilled in the art to implement the logic included and 
described in the flowcharts described herein. 

Control proceeds to step 364 where a variable currmod is 
assigned the first module in the current build list. At step 366, 
a determination is made as to whetherall of the modules in the 
current build have been processed, or if the variable build 
Done is TRUE. If a determination is made that all of the 
modules in the current build have been processed, or the 
boolean variable builddone is TRUE, control proceeds from 
step 366 to the processing indicated in FIG. 14 at Point A. 
At point A in FIG. 14, control proceeds to step 378 where 

a determination is made as to whether the variable fullMatch 
is TRUE. If fullMatch is TRUE, control proceeds to step 382 
where the current build is added to valid list. At this point, 
valid list includes those builds that have been determined to 
be a full or complete match for the build associated with 
match build set. In this embodiment, a complete or full match 
is determined when module names and attributes match. If a 
determination is made at step 378 that fullMatch is not TRUE, 
control proceeds to step 379. At step 379, a determination is 
made as to whether numMatches is greater than Zero. If a 
determination is made at step 379 that the number of matches 
(numMatches) is greater than Zero, meaning that there has 
been at least one module which has been an exact match, 
control proceeds to step 380 where the current build and the 
corresponding number of matches is added to the maybe list. 

In this particular embodiment, maybe list identifies those 
builds which are close matches but not exact or full build 
matches. Thus, the variable numMatches indicates a score of 
the number of matches for modules included in a build iden 
tified in the maybe list for which there has been a complete 
match. 

Subsequent to performing steps 380 and 382, control pro 
ceeds to Point B from FIG. 14 back to FIG. 13 at step 356. At 
step 356, the next build from the candidate list is examined 
and assigned to the variable current build. Control then pro 
ceeds to step 358 where the test is once again performed to see 
whether all of the builds and the candidate list have been 
examined. 

Ifat step 366 a determination is made that all modules in 
the current build have not been processed, and that buildDone 
is not TRUE, control proceeds to step 368. At step 368, a 
determination is made as to whether the current module (cur 
rmod) of the current build is included in the module set 
associated with a build for which the search is being per 
formed (as identified by “match build set'). If the current 
module is included in “match build set, control proceeds to 
step 372. At step 372, a determination is made as to whether 
the attributes and other data associated with each of the mod 
ules also match. If so, control proceeds to step 376 where the 
number of matches (numMatches) is increased by one indi 
cating that there has been another full matching module 
detected. Otherwise, if the attributes do not match, from step 
372, control proceeds to step 374. At step 374, numMatches is 
assigned Zero, fullMatch is set to FALSE, and buildDone is 
set to TRUE. In other words, ifa module is included but not an 
exact match, in this embodiment, it is determined that this 
cannot be a valid or matching build. 
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It should be noted that in this embodiment, the variable 
buildDone is set to TRUE as a boolean “short circuit to 
performing the processing steps of the loop starting at Step 
364. In other words, when the current module being examined 
from any build does not match both the name and attributes of 
a particular module in the match build set, there is no need to 
examine the remainder of the modules included in the build. 
Setting the variable build Done to TRUE at step 374 provides 
a “short cut exit from the process of examining all the mod 
ules. 

If a determination is made at step 368 that the current 
module (currmod) is not included in “match build set, con 
trol proceeds to step 370 where the variable fullMatch is set to 
FALSE 

Subsequent to performing the processing of steps 374,376 
and 370, control proceeds to step 364 to the top of the loop to 
begin processing the next module in the current build. The 
processing formed by the loop beginning at step 364 is per 
formed for every module in the current build in which the 
current build is the current build being examined with regard 
to the match build set. 

Referring to FIG. 15, shown is a flowchart of an embodi 
ment of the method steps that may be performed Subsequent 
to processing all of the build candidates included in the can 
didate list as processed by the flowchart of FIGS. 13 and 14. 
Upon completion of the flowchart, 100 of FIGS. 13 and 14, 
two lists of builds or build candidates are determined. In this 
particular embodiment, the candidate list has been processed. 
Each build candidate included in the list has either been 
included in the valid list, the maybe build list, or not included 
in either list. A build candidate included in the valid list is an 
exact match in name and attributes for every module in the 
build. A build candidate included in the maybe build list has 
Some modules that match in name and attributes, while others 
in the build are not included in the match module set. A build 
candidate may be omitted from the valid list as well as the 
maybe list if there is a module that matches in name, but no 
match in terms of associated attributes. It should be noted that 
other embodiments may include other techniques for deter 
mining a close but not exact match for a module. 

Referring to FIG. 15, at step 390, a determination is made 
as to whether the valid list is empty and the maybe list is not 
empty. If a determination is made at step 390 that the valid list 
is empty and the maybe list contains one or more entries, 
control proceeds to step 392 where the highest scoring maybe 
build associated with each project is added to the valid list. 

At step 394, a determination is made as to the number of 
matching builds included in the valid list. Processing is per 
formed with regard to classifying the number of matching 
builds in the valid list into one of three categories. If there are 
no matching builds included in the valid list at this point, an 
alternative action is performed at step 396, such as prompt the 
user to register the build. If one matching build is included in 
the valid list, control proceeds to step 398 where the one 
matching builds included in the current valid list is used as a 
matching build. Control proceeds to step 404 where process 
ing stops. If a determination is made that the number of 
matching builds included in the valid list at this point is more 
than one, control proceeds to step 400 where the user is 
prompted to select one of these builds as the matching build to 
be used. 

The previously described steps for a matching build per 
formed in conjunction with FIGS. 13 through 15 may be used, 
for example, in the previously described technique of deter 
mining a matching build when a test execution is performed 
of a Software system. Similarly, when a bug report is entered 
into the system as via the e-mail reader tool, a build is deter 
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18 
mined which matches the build information submitted in 
accordance with the e-mail bug report. However, it should be 
noted that in any of these processes in which user interaction 
is required, as in the case where multiple matches are found, 
an alternative technique may be used to select one of the 
builds rather than require user intervention if total automation 
is desired, as in the case for example where a process might 
run in batch mode. 

It should also be noted that the foregoing technique used to 
determine a matching build may be performed, for example, 
to automatically associate a session or bug with a build. What 
will now described in paragraphs that follow associated with 
FIG. 16 is a process by which code volatility between builds 
may be determined. It should be noted that other embodi 
ments may determine code Volatility using other techniques 
or in conjunction with other metrics. 

Referring to FIG. 16, shown is a flowchart of the steps of a 
method for determining the volatility between two builds that 
have been selected. The flowchart 410 includes at step 410a 
calculating the total number of functions. A total number of 
functions, for example, may be determined by information 
associated with each of the modules in the database. This 
information may be stored as a separate field or attribute for 
example of each of the module objects. This as well as other 
information and data that may be used in determining the 
following metrics may be obtained by performing database 
queries and using the foregoing database schema. 
At step 410b, the percentage of functions added is deter 

mined. This is determined as the ratio of the number of func 
tions added over the total number of functions calculated at 
step 410a. At step 410c, the percentage of the number of 
functions removed is calculated. This is determined by per 
forming a ratio of the number of functions removed over the 
number of functions determined at step 410a. At step 410d. 
the percentage of functions modified is determined. This is 
determined as a ratio of the number of functions modified 
over the total number of functions as determined in step 410a. 
At step 412, the volatility metric is calculated as the sum of 
the number of the functions added, the number of functions 
removed, and the number of functions modified. It should be 
noted that in one embodiment, when a particular module or 
library is added, every function included in that library as 
associated with the module is added. Similarly, whenever a 
library or module is removed, every function included in that 
module is considered as being removed when performing the 
foregoing calculations with regard to steps 410b, 410c, and 
410d. If the body of a function or DLL changes but not the 
signature, this is counted as a modified function. It should be 
noted that this function information may be associated with a 
module object, for example, in the form of the function sig 
nature table that includes checksum information representing 
various function attributes as may be determined, for 
example, in accordance with the machine code associated 
with the function. For a function, if the associated signature 
has changed, this implies that the function with an old name 
was removed and, a function with a new name added. Differ 
ences in checksum values may be used in determining the 
volatility in accordance with signature differences for the 
same function in two different builds including the same 
module. 

It should be noted that in this particular embodiment, the 
granularity for determining Volatility is at the function level in 
which the function information is represented and stored in an 
efficient form, Such as the signature table previously 
described and associated with each module. Other embodi 
ments may include and store different information in different 
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forms in accordance with each embodiment. Additionally, the 
granularity of other embodiments may also vary. 

It should also be noted that the processing of step 94 in the 
previously described flowchart 90 of FIG.9 included the step 
of interrogating the database with regard to the recorded data. 
The foregoing description of performing a build match as 
well as the volatility between builds and performing certain 
queries with regard to the data stored Such as printing out or 
displaying all of the builds of a particular project or between 
particular date ranges may be performed in accordance with 
the processing denoted by step 94 of FIG. 9. 

The number of the foregoing methods and techniques that 
may be included in an embodiment vary with each implemen 
tation. They may be included and used in various combina 
tions to perform different assessments with regard to the 
database. 

While the invention has been disclosed in connection with 
preferred embodiments shown and described in detail, their 
modifications and improvements thereon will become readily 
apparent to those skilled in the art. Accordingly, the spirit and 
scope of the present invention should be limited only by the 
following claims. 
What is claimed is: 
1. A computer implemented method for automatically 

tracking build information to determine a volatility metric 
between a first build of a first version of software and a second 
build of a second version of Software, comprising: 

extracting the second build by processing, for the second 
version of the software, one or more software modules 
produced using a compilation process resulting in said 
one or more software modules of the second version of 
software, wherein said second build includes at least one 
of a name field, a build number, a date and time identi 
fier, a number of functions and modification information 
for the functions being associated with at least one soft 
ware module as a result from said compilation process; 

following extracting the second build, registering said sec 
ond build by storing said second build corresponding to 
said second version of software in a database; 

executing said second version of Software; 
automatically determining runtime data during execution 

of said second version of the software, wherein the runt 
ime data corresponds to information extracted and reg 
istered for the second version of the software; 

performing a query of the database to retrieve the second 
build based on the runtime data and to retrieve the first 
build; and 

after performing the query of the database to retrieve the 
first build and the second build, determining a volatility 
metric of code change that has occurred between the first 
and second versions of the software, wherein determin 
ing the Volatility metric includes matching portions of 
the first build to corresponding portions of said second 
build and determining at least one of a date and time 
difference, a build number difference, a number of func 
tions added, a number of functions removed and a num 
ber of functions modified in a software module of the 
second version of the Software in comparison to a soft 
ware module of the first version of the software. 

2. The method of claim 1, wherein said database that 
includes said build information is an object database, and the 
method further comprises: 

creating and storing one or more objects corresponding to 
each of said builds; and 

creating and storing one or more objects corresponding to 
software modules included in each of the builds. 
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3. The method of claim 2, further including: 
creating and storing a session object corresponding to a test 

session of said software; 
creating and storing one or more objects corresponding to 

Software modules describing said software module 
information; 

automatically determining a previously created build 
object corresponding to one of said one or more builds 
previously registered; and 

storing an address of said previously created build object in 
said session object. 

4. The method of claim 1, wherein subroutine calls asso 
ciated with an operating system executing in said computer 
system are used in said gathering runtime information. 

5. The method of claim 1, further comprising: 
creating and storing a bug report object corresponding to a 
bug report, said bug report object including an address 
associated with said second build. 

6. The method of claim 5, further including: 
Submitting said bug report included in a formatted elec 

tronic message; 
interpreting data included in said formatted electronic mes 

Sage to enable said determining of said second build. 
7. The method of claim 6, further including: 
creating and storing another build object corresponding to 

a build in which said bug report is identified as being 
corrected; and 

associating said other build object with said bug report 
object in said database. 

8. The method of claim 1, wherein said automatically 
determining said runtime data further comprises: 

determining said second build for which a matching build 
is being determined from said one or more builds regis 
tered; 

determining a candidate list including one or more builds 
having at least one software module in common with 
said second build; 

for each build included in said candidate list, determining if 
software modules included in said each build match 
software modules included in said second build; 

for each build included in said candidate list, if there are no 
software modules included in said each build that have a 
module name and associated attributes matching a soft 
ware module included in said second build, determining 
that said each build is not a match for said second build; 
and 

for each build included in said candidate list, if a first of 
said software modules included in said each build has a 
module name that matches a software module included 
in said second build but attributes associated with said 
software module do not match said software module 
included in said second build, determining that said each 
build is not a match for said second build. 

9. The method of claim 8, further including: 
for each build included in said candidate list, determining a 

number of matches for software modules included in 
said each build having a matching module name and 
attributes of a software module included in said second 
build; 

determining a valid list of one or more matching builds, 
each of said builds included in said valid list having a full 
match for software modules included in said each build 
with software modules included in said second build, 
each software module included in said each build having 
a corresponding matching software module included in 
said second build, said name and associated attributes of 
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said each software module matching said matching soft 
ware module included in said second build; and 

determining a maybe list of one or more builds, each of said 
one or more builds included in said maybe list having at 
least one Software module having a module name that 
does not have a matching software module included in 
said second build, said each build including at least one 
Software module having a module name and associated 
attributes matching another software module included in 
said second build, wherein said each build has an asso 
ciated number of matches. 

10. The method of claim 9, further including: 
if said valid list is empty, for each project, adding a build 

from said maybe list to said valid list in which the build 
added has a maximum number of matches of builds 
associated with said each project, a project having one or 
more associated builds; 

performing an alternative action if said valid list is empty; 
if there is only one build included in said valid list, deter 

mining that said one build matches said second build; 
and 

if there is more than one build included in said valid list, 
Selecting one of the more than one builds included in 
said valid list as being the build matching said second 
build. 

11. The method of claim 10, further including: 
Selecting one or more build associated with a Software 

project. 
12. The method of claim 10, further including: 
determining a matching build in accordance with a prede 

termined build selected from a list of more than one 
build previously registered. 

13. A computer readable medium comprising machine 
executable code stored thereon for automatically tracking 
build information to determine a volatility metric between a 
first build of a first version of software and a second build of 
a second version of Software, the computer readable medium 
comprising: 

machine executable code for extracting the second build by 
processing, for the second version of the Software, one or 
more software modules produced using a compilation 
process resulting in said one or more software modules 
of the second version of software, wherein said second 
build includes at least one of a name field, a build 
number, a date and time identifier, a number of functions 
and modification information for the functions being 
associated with at least one software module as a result 
from said compilation process; 

machine executable code for registering said second build 
following extracting the second build by storing said 
second build corresponding to said second version of 
Software in a database; 

machine executable code for automatically determining 
runtime data during execution of said second version of 
the software, wherein the runtime data corresponds to 
information extracted and registered for the second ver 
sion of the software; 

machine executable code for performing a query of the 
database to retrieve the second build based on the runt 
ime data and to retrieve the first build; and 

machine executable code for determining a volatility met 
ric of code change that has occurred between the first and 
second versions of the software after performing the 
query of the database to retrieve the first build and the 
second build, wherein determining the volatility metric 
includes matching portions of the first build to corre 
sponding portions of said second build and determining 
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at least one of a date and time difference, a build number 
difference, a number of functions added, a number of 
functions removed and a number of functions modified 
in a software module of the second version of the soft 
ware in comparison to a software module of the first 
version of the software. 

14. The computer readable medium of claim 13, wherein 
said database that includes said build information is an object 
database, and the computer program product further com 
prises: 

machine executable code for creating and storing one or 
more objects corresponding to each of said builds; and 

machine executable code for creating and storing one or 
more objects corresponding to software modules 
included in each of the builds. 

15. The computer readable medium of claim 14, further 
including: 

machine executable code for creating and storing a session 
object corresponding to a test session of said software; 

machine executable code for creating and storing one or 
more objects corresponding to software modules 
describing said Software module information; 

machine executable code for determining automatically a 
previously created build object corresponding to one of 
said one or more builds previously registered; and 

machine executable code for storing an address of said 
previously created build object in said session object. 

16. The computer readable medium of claim 13, wherein 
machine executable code associated with an operating system 
is used in gathering runtime information. 

17. The computer readable medium of claim 13, further 
including: 

machine executable code for creating and storing a bug 
report object corresponding to a bug report, said bug 
report object including an address associated with said 
second build. 

18. The computer readable medium of claim 17, further 
including: 

machine executable code for Submitting a bug report 
included in a formatted electronic message; and 

machine executable code for interpreting data included in 
said formatted electronic message to enable determina 
tion of said second build. 

19. The computer readable medium of claim 18, further 
including: 

machine executable code for creating and storing another 
build object corresponding to a build in which said bug 
report is identified as being corrected; and 

machine executable code for associating said other build 
object with said bug report object in said database. 

20. The computer readable medium of claim 13, wherein 
said machine executable code for automatically determining 
said runtime data further comprises: 
machine executable code for determining said second build 

for which a matching build is being determined from 
said one or more builds registered; 

machine executable code for determining a candidate list 
including one or more builds having at least one soft 
ware module in common with said second build; 

machine executable code for determining, for each build 
included in said candidate list, if software modules 
included in said each build match software modules 
included in said second build; 

machine executable code for determining, for each build 
included in said candidate list, if there are no software 
modules included in said each build that have a module 
name and associated attributes matching a software 
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module included in said second build, determining that 
said each build is not a match for said second build; and 

machine executable code for determining, for each build 
included in said candidate list, that said each build is not 
a match for said second build if a first of said software 
modules included in said each build has a module name 
that matches a Software module included in said second 
build but attributes associated with said software module 
do not match said Software module included in said 
second build. 

21. The computer readable medium of claim 13, further 
including: 

machine executable code for determining, for each build 
included in said candidate list, a number of matches for 
Software modules included in said each build having a 
matching module name and attributes of a Software 
module included in said second build; 

machine executable code for determining a valid list of one 
or more matching builds, each of said builds included in 
said valid list having a full match for software modules 
included in said each build with software modules 
included in said second build, each software module 
included in said each build having a corresponding 
matching software module included in said second 
build, said name and associated attributes of said each 
Software module matching said matching Software mod 
ule included in said second build; and 

machine executable code for determining a maybe list of 
one or more builds, each of said one or more builds 
included in said maybe list having at least one software 
module having a module name that does not have a 
matching software module included in said second 
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build, said each build including at least one software 
module having a module name and associated attributes 
matching another software module included in said sec 
ond build, wherein said each build has an associated 
number of matches. 

22. The computer readable medium of claim 21, further 
including: 

machine executable code for adding, if said valid list is 
empty, for each project, a build from said maybe list to 
said valid list in which the build added has a maximum 
number of matches of builds associated with said each 
project, a project having one or more associated builds; 

machine executable code for performing an alternative 
action if said valid list is empty; 

machine executable code for determining that said one 
build matches said second build if there is only one build 
included in said valid list; and 

machine executable code for selecting one of the more than 
one builds included in said valid list as being the build 
matching said second build if there is more than one 
build included in said valid list. 

23. The computer readable medium of claim 22, further 
including: 

machine executable code for selecting one or more build 
associated with a software project. 

24. The computer readable medium of claim 22, further 
including: 

machine executable code for determining a matching build 
in accordance with a predetermined build selected from 
a list of more than one build previously registered. 

: : : : : 


